We calculate the leading logarithmic QCD corrections to the decay B s → γγ in the two Higgs doublet model (2HDM) including O 7 type long distance effects and estimate the restrictions of the 2HDM parameters, tanβ and m H , using the experimental data of B → X s γ decay provided by the CLEO Collaboration. A lower bound for the charged Higgs mass m H as a function of the renormalization scale µ is given for 2HDM model II. We further present the dependencies of the branching ratio Br(B s → γγ) and the ratio |A + | 2 /|A − | 2 on m H and tanβ including leading logarithmic QCD corrections. The dependence on the renormalization scale is found to be strong for both ratios. An additional uncertainty arises from the variation of the parameters of the bound state model, (m b ,Λ s ). We see, that to look for charged Higgs effects the measurement of the branching ratio
Introduction
The experimental discovery of the inclusive and exclusive B → X s γ [1] and B → K * γ [2] decays stimulated the study of rare B meson decays as a new force. These decays take place via flavor-changing neutral current (FCNC) b → s transitions, which are absent in the Standard Model (SM) at tree level and appear only through loops. Therefore, the study of these rare B-meson decays can provide a sensitive test of the structure of the SM at loop level and may shed light on the Kobayashi-Cabibbo-Maskawa (CKM) matrix elements and the leptonic decay constants of the B-mesons. On the other hand, the rare B-meson decays are in a very promising class to search for new physics beyond the SM, like two Higgs doublet model (2HDM), minimal supersymmetric model (MSSM), etc. [3] . Currently, the main interest is focused on such rare decays of B-mesons for which the SM predicts large branching ratio and which can be measured in near future in the constructed B-factories. The B s → γγ decay belongs to this category. In the SM, the branching ratio of this decay is of order 10 −7 without QCD corrections. Including leading log (LLog) QCD corrections, the branching ratio (Br) b → sγγ is of the same order of magnitude ∼ 10 −6 like b → sl + l − [4] .
The investigation of B s → γγ decay is interesting for the following reasons:
• It is well-known, that the QCD corrections to the b → sγ decay are considerably large (see [5] - [8] and references therein). Therefore, one can naturally expect that the situation is the same for the b → sγγ decay. Recently the QCD corrections in the LLog approximation to this decay have been calculated and found to be large as expected [9] - [11] . Note, that in the literature this decay without QCD corrections was analysed in the SM [12] - [13] and in the 2HDM [14] .
• In B s → γγ decay, the final photons can be in a CP-odd or a CP-even state. Therefore this decay allows us to study CP violating effects.
• From the experimental point of view, B s → γγ decay can be easily identified by putting a cut for the energy of the final photons, e.g., the energy of each photon is larger than 100 MeV . In this case, two hard photons will be easily detected in the experiments [15] .
• Finally, this decay is also sensitive to the physics beyond the SM.
In an earlier analysis [14] , the Br(B s → γγ) in the 2HDM without QCD corrections was found to be enhanced with respect to the SM one for some values of the parameter space. In the present work, we study B s → γγ decay in 2HDM with perturbative QCD corrections in LLog approximation. In contrast to [14] , who used the constituent quark model, we impose a model based on heavy quark effective theory for the bound state of the B s . Further we perform an additional analysis with the inclusion of long-distance effects through the transition B s → φγ → γγ, which we call O 7 -type throughout this paper, see [9] for details. We find, that the theoretical analysis is shadowed by large uncertainties due to the renormalization scale µ and the parameters of the bound state. The decay B s → γγ is dominated by the
(see section 2), which is restricted in our analysis by the B → X s γ branching ratio provided by CLEO data [1] ,
any improvement from the theoretical side, we see that the only chance to detect a deviation from the SM in B s → γγ decay lies in a possible enhanced branching ratio, which can be at most 1.4 · 10 −6 in the SM [9] and
GeV and large tanβ) resulting from our analysis, at µ = 2.5 GeV including the O 7 -type long distance effects.
The paper is organized as follows: In Section 2, we give the LLog QCD corrected Hamiltonian responsible for the b → sγγ decay. We further calculate the CP-odd A − and CP-even A + amplitudes in an approach based on heavy quark effective theory, taking the LLog QCD corrections into account. In Section 3, we study the constraint analysis for the 2HDM parameters m H and tanβ, using the measured data on the branching ratio of the B → X s γ decay [1] . 
where L and R denote chiral projections L(R) = 1/2(1 ∓ γ 5 ) and ξ and ξ ′ are the ratios of the two vacuum expectation values, v 1 and v 2 of the Higgs fields H 1 and H 2 , respectively. V ij are the elements of the CKM matrix. In model II,
and in model I
After this preliminary remark, let us discuss the LLog QCD corrections to the b → sγγ decay amplitude in the 2HDM. 
The effective Hamiltonian is
where the O i are operators given in eq. (5) and the C i are Wilson coefficients renormalized at the scale µ. The coefficients can be calculated perturbatively and the hadronic matrix elements < V |O i |B > can be calculated using some non-perturbative methods.
The operator basis of H ef f is given as
where α and β are SU (3) 
and [14] , [16] 
where
Here the parameters ξ and ξ ′ are given in eqs. (2) and (3). From eqns. (6) and (7) the initial values of the coefficients for the 2HDM are defined as: 
The CP-even A + and CP-odd A − parts can be written [9] in a HQET inspired approach as:
for q = u, c and Q q = − 
The parameterΛ s enters eq. (10) through the bound state kinematics [9] . m 
where λ 2 comes from the matrix element of the heavy quark expansion [19] . The LLog QCDcorrected Wilson coefficients C 1...6 (µ) [9] - [11] enter the amplitudes in the combinations
where N c is the number of colours (N c = 3 for QCD). While C 1...6 (µ) are the coefficients of the operators O 1...6 , C ef f 7 (µ) is the "effective" coefficient of O 7 and contains renormalization scheme dependent contributions from the four-quark operators O 1...6 in H ef f to the effective vertex in b → sγ. In the NDR scheme, which we use here, C ef f [18] for details. The functions I(m q ), J(m q ) and △(m q ) come from the irreducible diagrams with an internal q type quark propagating and are defined as
In our numerical analysis we used the input values given in Table (1) . Table 1 : Values of the input parameters used in the numerical calculations unless otherwise specified.
Constraint analysis
There is a considerable interest in the constraints of the parameter space of the 2HDM, especially in model II, since its Higgs sector coincides with the minimal supersymmetric extension of the SM one. The free parameters of the 2HDM are the masses of the charged and neutral
Higgs bosons and the ratio of the v.e.v. of the two Higgs fields, denoted by tan β. In our analysis the neutral Higgs bosons are irrelevant, since they do not give any contribution to the b → sγγ process. Therefore we consider as free parameters the mass m H of the charged Higgs boson and tanβ. By using existing experimental data, it is possible to find restrictions on the parameters m H and tanβ.
The model independent lower bound of the mass of the charged Higgs m H ≥ 44 GeV comes from the non-observation of charged H pairs in Z decays [20] . There are no experimental upper bounds for m H except m H ≤ 1 T eV to satisfy the unitarity condition [21] . For model II, the constraints have already been studied. Top decays give m H ≥ 147 GeV for large tanβ [22] .
The lower bound of tanβ is found to be 0.7 due to the decay Z → bb [23] and in addition for large tanβ the ratio tanβ/m H is restricted. The current limits are tanβ/m H ≤ 0.38 GeV −1 [24] and tanβ/m H ≤ 0.46 GeV −1 [25] , which come from the experimental results of branching ratios of the decays B → τν and B → Xτν. Recently, the exclusive decay mode B → Dτν has been studied [26] for model II and the upper bound is estimated as tanβ/m H ≤ 0.06 GeV −1 .
In the present work, we estimate the constraints for the 2HDM parameters using the result coming from the measurement of the decay B → X s γ by the CLEO collaboration [1] :
To reduce the b-quark mass dependence let us consider the ratio
where g(z) is the phase space factor in semileptonic b-decay,
and z = m c /m b .
Now we want to discuss the theoretical uncertainties present in the prediction of R.
• The ratio of the CKM matrix elements
|V cb | 2 = 0.95 ± 0.04 has an uncertainty which comes from the CP violating parameter ǫ κ [8] .
• The function g(z) has an uncertainty coming from the masses m b and m c via the ratio z = m c /m b . HQET provides a mass relation [27] 
Here the first error is due to the uncertainty in λ 1 and the second one is from higher order The Br for the semileptonic B → X c eν e is [29] Br(B → X c eν e ) = 0.103 ± 0.01.
Both the theoretical uncertainties and the experimental errors, as given in eq. (15) and (20), result in an uncertainty in C ef f
. Using
Br max (B → X s γ) = 3.24 · 10 −4 ,
we get a possible range for |C 
In the SM and 2HDM model II is C ef f 7 < 0, but in possible extensions it can be positive.
Now we present the lower bounds of m H for different values of the scale µ in Table ( The parameter tanβ has bounds strongly depending on the scale µ and m H . In fig. (1 Fig (1) is almost the allowed region for (tanβ, m H ). For µ = 2.5 GeV , we get an empirical expression for the restricted region of the parameter set (tanβ, m H ),
with c 1 = −0.067, c 2 = 6.9 GeV 1/2 and m p = m H min − ǫ. Here ǫ is a positive small number (ǫ ≪ 1 ) and m H min = 480 GeV .
In the following analysis we restrict the coefficient |C 
Discussion
In the rest frame of the B s meson, the CP = −1 amplitude A − is proportional to the perpendicular spin polarization ǫ 1 × ǫ 2 , and the CP = 1 amplitude A + is proportional to the parallel spin polarization ǫ 1 . ǫ 2 . The ratio |A + | 2 /|A − | 2 is informative to search for CP violating effects in B s → γγ decays and it has been studied before in the literature in the framework of the 2HDM without QCD corrections [14] . In our analysis we use three sets of parameters (m b ,Λ s )
given in (Table (3 to the scale µ and it increases with decreasing µ in model II, (Table (2) ). However, the Higgs mass has no lower bound in model I. and the analysis on the parameters will be more reliable. Note, that a similar analysis for the decay b → sγ is given in [6] , [8] .
In addition, there is another uncertainty due to the different parameter sets (Table (3 at µ = 2.5 GeV . Varying µ in the range 2.5 GeV ≤ µ ≤ 10.0 GeV, the Br changes between 5.0 · 10 −7 ≤ Br ≤ 6.9 · 10 −7 , and this gives an uncertainty △Br/Br(µ = 5 GeV) ≈ ±30% for the SM. For set 1 (2), the Br increases up to 1.7 · 10 −6 (1.0 · 10 −6 ) and the uncertainty is also increases, as due to the scale µ dependence, namely 39 (35) %. This behaviour of the Br results mainly from the 1/Λ s dependence in amplitudes.
With the addition of extra Higgs contribution, the uncertainty due to 2HDM parameters m H and tanβ in the Br becomes large like the one coming from the scale µ. Now we will give an example to see the effect of the 2HDM parameters on the Br by choosing set 3. In model II for m H = 500 GeV , the lowest order result of the Br is 5.8 · 10 −7 for tanβ ≥ 2 (see fig. 10) and it reaches 1.1 · 10 −6 for smaller tanβ. For comparison, the value in the SM is 3.6 · 10 −7 .
At µ = 2.5 GeV the Br reaches 6.9 · 10 −7 (9.0 · 10 −7 ) in the SM (2HDM).. This shows, that the Br is also sensitive to the extra Higgs contribution. For m H = 500 GeV and µ = 2.5 GeV , the Br in the 2HDM model II is enhanced ∼ 30% compared to the SM. In model I, there is a suppression due to the extra Higgs contribution compared to the SM (see fig. (11) ), however, the Br is still sensitive to the scale µ (see fig. (13) ) and the 2HDM parameters. 
where A ± SD are the short distance amplitudes we took into account in the previous sections (eq. 10). The LD O 7 amplitudes A ± LD O 7 are defined as [9] 
where f φ (0) = 0.18 GeV is the decay constant of φ meson at zero momentum,F 1 (0) is the extrapolated B s → φ form factor (for details see [9] ).
In fig. ( 14 -19 ) 
The Br decreases with the addition of LD O 7 effects, since the effect is destructive. The µ scale uncertainty of the Br is smaller compared to the case where no LD effect is included and we get for the range 2.5 GeV ≤ µ ≤ 10.0 GeV in the SM △Br
The present experimental limit on the decay B s → γγ is [30] 
